Given a linear time Invariant mu Itlvarlable system x^ = Ax_ + Bu^, y_ = Cx_ with m inputs and p outputs, Davison C63 has shown that p closed loop poles of the system can be preasslgned arbitrarily using constant gain output feedback provided CA, B] Is controllable. This paper shows that If CA, B, C3 Is controllable and observable, and Rank B = m, Rank C = p, then max (m,p) poles of the system can be assigned arbitrarily using constant gain output feedback.
Introduction
The design of linear muItlvariable control systems using output feedback has attracted the attention of several authors. Cl-33-There are two ways of approaching this problem. The first method consists of estimating the states of the system using an observer and use these states In the subsequent design.
In the second approach, either static or dynamic feedback of the output Is used directly In the control problem and this view Is adopted here. can be arbttrarI ly'placed using output feedback. This paper shows that given
(A, B, C) controllable and observable, Rank B = m and Rank C = p, then at least max (m,p) poles of the closed loop system can be arbitrarily placed using output feedback.
The above result may be used In designing systems for high Integrity in the event of failure of transducers and/or acuators C7D-Due to failure there may be loss of inputs and/or outputs In the system. In such an event'this design takes advantage of the unequal number of Inputs and outputs so as to -2- assure no loss in pole asslgnabi I ity.
Theorem
Given the system (I) with Rank B = m <_ n and Rank C = p <_ n, then a linear feedback of the output £ = Ky_, where K is a (mxp) constant gain matrix, can always be found such that max(m,p) eigenvalues of the closed loop system can be be made to take preasslgned (complex eigenvalues occurring in conjugate pairs) values.
Proof ;
Let (X.,X 2 , -,X ) and-(p.,p 2 , -,P ) be the eigenvalues of the openloop and closed-loop system respectively.
and closed loop characteristic polynomial = |sl-A+BKC| = (s-p ( )(s-p 2 ) -^"Pp, 
Distinct Eigenvalues
In this case equation (5) gives
The value of a. depends on the closed loop eigenvalues (p., -, p )
From (5) and (6),
Choosing T as a modal matrix equation (7) 
Multiple Eigenvalues
Let the eigenvalues of matrix A be X , X 2 , , X w with multiplicity -I* n., n 2> -, n respectively. Choose T such that A = T AT has the Jordan canonical form with 01 blocks of respective sizes n., n«, -, n and X., \~,-, X the corresponding eigenvalues. Now, we have 
1=1 (s-x to
The value of a^. ( 1 = 1, n., j=l, to) depends on the closed loop poles
From equations (5) and (18), we get ni 1
(sI-A) has the quasl-dlagonaI form dlag [J., J 2 , , J 3 where J. Is a n. x n. matrix of the form
In the matrix form equation (22) can be written as
""I°2 In certain cases the non-linear nature of (23) can be exploited to assign more than max(m,p) poles of the closed loop system.
Complex eigenvalues of the matrix A present an interesting situation.
-1" -1" The Jordan canonical form A = T AT and the matrices B=T B and C = CT wi11 then be complex matrices. However, K will be real since the complex columns of T~ and elements of o^occur in conjugate pairs.
In designing the control system using the theorem of thTs paper, max (m,p) poles of the system can be assigned as desired and this fixes the location of the remaining Cn-max (m,p)3 poles of the system. Let us call these poles the "dependent poles", £, where g_= (p , , + ,, , p _., p ).
In some cases, by taking advantage of the non-linear nature of (23) 
